A planar artificial magnetic conductor (AMC) ground plane is proposed as a means to reduce the profile of a highly directive resonant cavity antenna. The structure is formed by a printed microstrip patch antenna and a superimposed partially reflective surface. The antenna profile is reduced to approximately half by virtue of employing the AMC ground plane. A ray theory model is used to qualitatively describe the functioning of the antenna and theoretically predict the existence of quarter wavelength resonant cavities.
Introduction: In the past, metallic periodic arrays have been placed over a metallic (PEC) ground plane to enhance the directivity of simple radiating sources positioned between the array and the ground [1, 2] . The structure is based on the formation of an open resonant cavity between the ground plane and the array that acts as a partially reflective surface (PRS). Significant gain enhancement of microstrip patches and grounded waveguide apertures has been demonstrated. An optimised PRS for a high gain resonant cavity antenna with maximum bandwidth has also been presented [3] . While high gain planar antenna designs have been produced, the antenna profile has always been close to half wavelength. This is determined by the resonance condition of the cavity that takes into account the phase reversal upon reflection at the PEC ground plane. Recently, artificial magnetic conductors (AMCs) have been produced and their property to fully reflect incident waves with zero reflection phase has been demonstrated [4] . In this Letter, we propose a novel high gain microstrip patch antenna with a superimposed PRS, in which an AMC is utilised as the ground plane to reduce the antenna profile. The AMC is produced by printing a metallic periodic array on grounded dielectric substrate without vias. A ray analysis is used to describe the function of the antenna and to predict the existence of quarter wavelength resonant cavities. Analysis: Following a ray analysis of the resonant cavity antenna with a PEC ground plane (Fig. 1a) , the following resonance condition needs to be met in order to achieve maximum directivity at boresight [2] :
where F(0) is the reflection phase of the PRS surface for normal incidence, p is the reflection phase of the ground plane and h is the resonant distance between the PRS and the ground plane. From the same analysis the maximum boresight directivity is derived as
where R is the reflection magnitude of the PRS [3] . For a highly reflective PRS (R ' 1 and F(0) ' p), a high directivity D is obtained and the resonant distance is h ' l=2 (for N ¼ 1). By replacing the PEC with an AMC (0 reflection phase) ground plane as in Fig. 1b , the resonance condition becomes:
Hence
Antenna performance: A broadband AMC surface has been designed using Floquet modal analysis of infinite arrays [5] . Closely packed square patches have been used with unit cell dimensions L ¼ 4.1 mm, D ¼ 4.5 mm (Fig. 1c) . The patches were printed on a grounded dielectric slab of thickness S sub ¼ 1.13 mm and e r ¼ 2.2. A broadband AMC operation has been obtained with a þ90 to À90 reflection phase bandwidth of more than 30% ($4.5 GHz) and a centre frequency of about 14 GHz. The reflection magnitude was about 1 as expected. A highly reflective PRS has also been designed and fabricated using a square patch array printed on a similar dielectric substrate as the AMC (without the ground plane). The design was based on [3] . The unit cell dimensions are L ¼ 10 mm, D ¼ 11 mm. High reflectivity values ($À0.5 dB) were obtained for a broad range of frequencies on either side of 14 GHz.
A microstrip patch antenna (6 Â 4.5 mm) has been designed and integrated in the AMC ground plane (15 Â 15 cm). The patches of the AMC are surrounding the antenna, which is printed on the same dielectric substrate. It is fed by a via which is 1 mm offset from the centre of the patch, in order to achieve good matching. The resonant cavity antenna is formed by placing the PRS at the resonant distance over the microstrip patch with the AMC ground plane. The PRS is of similar overall size to the AMC. The resulting structure resembles that of Fig. 1b . For 14 GHz the resonant distance is 5.9 mm. This is approximately quarter wavelength at 14 GHz and agrees very well with the value obtained from (2). The corresponding resonant distance for the same antenna configuration but with a PEC (instead of the AMC) ground plane is 11.3 mm (about half wavelength). Therefore, a reduction of the antenna profile by approximately half has been achieved by virtue of employing the AMC ground plane. The gain and S11 of the low-profile antenna are shown in Fig. 2 . A maximum gain of 19 dBi has been obtained at about 14 GHz and a good matching has been achieved. The maximum directivity predicted by the ray model was 20.5 dBi and is in relatively good agreement. The antenna bandwidth as defined from the À3 dB gain level and 10 dB return loss is about 2%. The maximum gain expected from the corresponding higher profile antenna with a PEC ground plane is about the same, as can be calculated from (1) [3] . Both the H-and E-plane radiation patterns are shown in Fig. 3 . Highly directive pattern is obtained in both planes and the sidelobe level is below À15 dB. The cross-polarisation level is below À25 dB in both planes.
Conclusion:
The theoretical prediction of a quarter wavelength resonant cavity antenna using an AMC ground plane has been proposed. 
